Variations in the extent of breakdown of celluloses from different sources by Cell'ulomonas biazotea can be accounted for in terms of the crystallinity and content of associated pentosan of the celluloses. Under similar conditions, Sporocytophaga myxococcoides did not distinguish between celluloses and degraded the different materials at the same rate.
I. INTRODUCTION
A number of workers have studied the factors influencing the rate of microbiological breakdown of cellulose with varied and sometimes contradictory results. Hajo (1942) concluded that the resistance of cellulose to attack by a number of organisms depended on its chain length; Fuller and Norman (1942) found no difference in the growth rate of a number of bacteria on a series of cellodextrins having various chain lengths; and Basu and Ghose (1952) found that a hydrocellulose prepared by hydrolysing jute was more resistant than the original cellulose.
The greatest difficulty in correlating these varied observations lies in the fact that different workers have used different organisms and also cellulose from different sources and of different past histories. Furthermore, most workers have attempted to study the effect of changes in only one property of the cellulose at a time. While this would be highly desirable, if it were possible, the properties of cellulose are not independent variables and it is not, in general, possible to alter one without changing others. For example, attempts to prepare a series of celluloses of differing chain length by acid hydrolysis will result in a series of materials which also have differing crystallinities, depending on the time of hydrolysis and the extent to which the crystalline and amorphous regions of the cellulose have been attacked (Nickerson 1950) . Consequently it will not be possible to decide whether the effects observed are due solely to changes in chain length or to what extent they are also influenced by the concomitant changes in crystallinity.
In the present investigation a number of samples of a-eellulose have been prepared from a variety of sources and determinations made of those properties which it was thought might influence the rate of bacterial breakdown. An attempt has then been made to correlate variations in these properties with variations in the rate of breakdown, and for this purpose the technique of multiple regression analysis has been used to estimate the effect produced by variation in one property of the cellulose at a time. 
II. MATERIALS AND METHODS

(a) Culture Conditions
189
The organisms used were a strain of Cellulomonas biazotea, obtained from the Department of Bacteriology, University of Queensland, and Sporocytophaga myxococcoides, ATCC 1001l. They were maintained on slopes of the following composition:
gil gil
to which, for the Cellulomonas, 20 gil of sucrose were added and, for the Sporocytophaga, a strip of filter paper was laid on the surface. The experiments on the rate of cellulose breakdown were carried out in shake cultures as described previously (Youatt 1958 ) using 50 ml of the above liquid medium and adding 100 mg of the cellulose to be examined. Incubation was at 28°C.
(b) Preparation of Cellulose Samples
The procedure for isolating the a-celluloses was based on that given by Jermyn (1955) . Fresh plant material was first killed by immersion in 4 volumes of boiling ethanol. After air drying it was ground in a Wiley mill to pass a 60-mesh screen and extracted with benzene-ethanol azeotrope for 8 hr. This material was further extracted with a large volume of water in a boiling water-bath for 8 hr and, following treatment with sodium chlorite using the method of Wise, Murphy, and D' Addieco (1946) , the resulting holocellulose was extracted with 17·5 per cent. sodium hydroxide for 1 hr in stoppered flasks with the minimum amount of ullage. The a-cellulose was filtered, washed with 4 per cent. sodium hydroxide, water, 10 per cent. acetic acid, water again, and finally with ethanol and acetone and air dried. Eucalypt "high a" pulp and Whatman No. 541 paper samples were used without further treatment.
(c) Determination of Residual Cellulose
The determination of the cellulose remaining in the cultures was based on the method given by Doree (1947) . The entire culture was centrifuged, the supernatant removed as completely as possible, and the residue, consisting of bacteria and undigested cellulose, treated with 10 ml of 17·5 per cent. sodium hydroxide. After standing, with occasional shaking, for half an hour the cellulose was centrifuged again, washed with water, and dissolved in 15 ml of 72 per cent. sulphuric acid. 10 ml of 10 per cent. potassium dichromate was added and the solution heated for 20 min at 80°C. After cooling the excess dichromate was titrated with ferrous ammonium sulphate. In some experiments, where there were only a few estimations to be made, the cellulose, after treatment with sodium hydroxide, was collected on a sintered-glass crucible, washed well, dried at 105°C for 2 hr, and weighed.
(d) Determination of Moisture Regain
The moisture regains were determined on samples of cellulose which had been autoclaved under the same conditions as those used when preparing" the bacterial cultures. Mter autoclaving the cellulose was filtered from the salts solution, washed well, and freeze-dried. It was then conditioned at 20°0 and 65 per cent. R.H. for at least 24 hr, weighed, dried at 105°0 for 2 hr, and reweighed. 
(e) Determination of Ohain Length
The Swedish Association of Pulp and Paper Engineers cupriethylenediamine method (1957) was used. Ostwald viscometers were employed and no corrections for velocity gradient were made as the relative order rather than the absolute value of the chain lengths was sufficient for the present purpose.
(f) Determination of Pentosan
The pentosan remaining in the a-cellulose was determined by the method of Mackney and Reynolds (1938) .
(g) Determination of Residual Lignin
The lignin content of the a-celluloses was estimated from measurements of the ultraviolet absorption of solutions of the cellulose in 72 per cent. sulphuric acid, using as a standard a sample of eucalypt "methanol" lignin (Bland et al. 1947 ).
(h) Estimation of Orystallinity and Extent of Oxidation from Infra-red Spectra
The infra-red spectra were obtained with the sample in the form of pressed KCl disks. As it is not 'possible to obtain an unequivocal quantitative measure of crystallinity for a series of samples from such diverse sources, the materials were examined and arranged in decreasing order of crystallinity by a subjective appraisal of the sharpness of the spectra. A similar procedure, based on the intensity of carbonyl absorption at 5· 8 (L, was used for evidence of oxidation of the sample .
III. RESULTS Table 1 shows the amount of cellulose remaining in cultures after the growth of Oellulomonas for periods of up to 3 days. This short period was chosen in the hope that any effects of variations in the properties of the cellulose samples would be most marked in the initial stages of the attack. Three replicates were used to estimate the linear breakdown rate for each material. There was no evidence for non-linearity in the breakdown rates and a study was made by means of multiple regression of the relation between breakdown rate (y) and the properties of the celluloses listed in Tables 2 and 3 .
The regression coefficients associated with chain length and lignin content were not significant, but the remainder were significant at the following levels: regain (Xl) P<O·02, pentosan content (x 2 ) P<O·OOl, and infra-red crystallinity order (x3) P<O·OOl. The regression equation is y = 3·33-0·38xl +O·19x2 +O·29x 3 · As a check on the adequacy of this equation two further samples of cellulose were prepared from mint and clover leaves. Determinations were made of their moisture regain, pentosan content, and infra-red spectrum and a comparison made between the observed rates of breakdown by Cellulomonas and those predicted by the above equation. The results are given in Table 4 . Since the pentosan content of the a-celluloses had such a marked effect on their rate of breakdown an examination was made of the effect of additions of extra pentosan to the bacterial cultures. Table 5 shows the effect of added hemicellulose on the extent of breakdown of the corresponding cellulose. The hemicellulose fractions were prepared by precipitating the 17·5 per cent. sodium hydroxide extracts obtained in the preparation of a-cellulose with acidified ethanol and contained a high proportion of pentosan. Table 6 shows the results for the breakdown of cellulose in cultures of Sporocytophaga. These results differ markedly from those obtained with Gellulomonas for there is no significant difference between the extent of breakdown of the various cellulose samples. In recent years much information has accumulated about enzymes capable of splitting soluble or degraded ~-1,4-g1ucan chains, but there is still very little understanding of the initial steps in the breakdown of insoluble cellulose.
The satisfactory agreement between the observed rates of breakdown of clover and mint leaf celluloses by Gellulomonas and those predicted from the equation (Table 4) indicate that the correlations found account for the major factors influencing this organism.
The most significant correlation is with the infra-red "crystallinity" order. Forziati and Rowen (1951) have shown that the increasing loss of sharpness in the infra-red spectrum is associated with the change from cellulose I through cellulose II to amorphous cellulose. Hence it seems reasonable to deduce that lack of crystalline organization is the major property of cellulose influencing the attack by this organism. Such an interpretation is in keeping with the results of other workers (Norkrans 1950; Walseth 1952) .
The moisture regain of cellulose depends on the crystallinity and the swelling. Owing to the nature of the statistical analysis employed, it is believed that, in this case, the effect of crystallinity has already been accounted for in the correlation with the infra-red crystallinity order and that the correlation with moisture regain refers predominantly to the effect of the swelling introduced during the preparation of the samples. Ant-Wuorinen and Vispaa (1959) have shown that the swelling of cellulose frequently decreases its accessibility. On this basis the negative correlation of rate of breakdown with moisture regain is readily understandable. The conventional methods of swelling cellulose for use in bacterial media or enzyme experiments are successful, therefore, because the effect of diminished crystallinity far outweighs the effect of diminished accessibility due to swelling. Since Oellulomonas grows readily on pentosans it might be thought that the role of residual pentosan was to provide an additional carbon source for the growth of the organism. This explanation appears to be invalidated by the fact that addition of pentosan did not diminish the rate of cellulose breakdown (Table 5 ). An alternative possibility is that the presence of pentosan in the a-cellulose constitutes, in some way, a structural defect such that its removal in the course of bacterial growth renders the cellulose more available to the organism. However, in view of the lack of knowledge of the way in which non-glucose polysaccharides are associated with a-cellulose this cannot be more than speculation.
The failure to demonstrate any response of Sporocytophaga to changes in cellulose properties is in direct contrast to the experience with Cellulomonas. The experimental variability with the two organisms was of the same order and it must be concluded that if Sporocytophaga is affected by changes in cellulose properties then these effects are only slight and different preparations are degraded at essentially the same rate. Reese and his co-workers (Reese 1956 ) have recently separated the cellulase of Trichoderma viride into a number of components and have shown differences in specificity between them. If the proportions between the components of a cellulase system are capable of adaptive change in response to variations in substrate properties then no effect in the overall response of the organism would be expected. Such a difference in the behaviour of two organisms strongly underlines the dangers of any attempt to deduce a composite theory of cellulose breakdown by the combination of results obtained with different organisms and different substrates.
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